lipid peroxidation diene production
Antioxidant therapy prevents the development of atherosclerosis in WHHL rabbits, providing in vivo evidence that lipid peroxidation plays an important role (1,2). Low-density lipoproteins (LDLs) are considered to be the major sources of lipid-peroxidation products in vivo (3_7) 1 Oxidative modification of LDL leads to enhanced uptake by macrophages compared with native LDL and thus can promote macrophage cholesterol accumulation and foam cell formation. In vitro, oxidation of LDL can be mimicked by cells (8-10) or, in cell-free systems, by metal ions that catalyze the oxidation reactions (11). LDL oxidation yields various products from different origins, ranging from protein-and cholesterol-derived LDL, low-density lipoprotein; TBARS, thiobarbituric acid-reactive substances; apo, apolipoprotein; BHT, butylated hydroxytoluene; SRU, short-run ultracentrifugation; and SDS, sodium dodecyl sulfate. 
MaterIals and Methods

Plasma Samples
Short-Run Ultracentrifugation for LDL Isolation
LDL was isolated by a short-run-ultracentrifugation (SRU) method based on nonequilibrium density-gradi- 
LDL Oxidation
The in vitro oxidation of LDL was performed by using a modification of the procedure described by Esterbauer et al. TBARS were determined essentially as described by Thomas and Reed (14) . Briefly, we performed the Cu2- (Table 1) . Vitamin E determinations showed that sequentially isolated LDL tended to have a lower, but not significantly so, vitamin E content than did the SRU-isolated LDL (5.48 ± 0.63 and 5.74 ± 0.71 mg/g LDL-protein, respectively; n = 4. Density scanning of the apolipoprotein gels of LDL (n = 4) isolated by both methods showed the same three bands in addition to apo B-100. However, the gels of LDL isolated by the sequentialisolation method showed quantitatively larger additional bands than did the gels of LDL isolated by the SRU method. Expressed as percentage of the apo B-i#{174} band, these bands were, respectively, 2.4% ± 0.3%, 1.3% ± 0.4%, and 4.5% ± 1.4% for sequentially isolated LDL and 1.5% ± 0.5%, 0.8% ± 0.2%, and 3.0% ± 0.3% for SRU-isolated LDL. .,. 
Optimizing the LDL Oxidation Measurement
LDL concentration.
Diene production was clearly dependent on the amount of substrate present in the incubation medium. To study this in more detail, we varied the amount of LDL (Figure 2) . Increasing LDL concentrations led to a higher initial amount of dienes, an increase in the lag time, and a delayed and higher maximum of diene production. The maximal rate of theme production was influenced by increasing the LDL concentration. Oxidation of LDL at 0.05 g/L gives an increase in 234-nm absorbance of -1 A. This concentration was considered sufficiently sensitive to evaluate effects on oxidizability and was therefore used in further experiments.
Copper concentration.
Varying the Cu2 concentration from 0.5 to 3 mol/L decreased the length of the lag phase from 185.6 to 80.0 mm. A further increase in Cu2 concentration up to 15 molJL had no additional effect on the lag time (Figure 3) . In additional experiments the Cu2 concentration was increased to 0.1 mmol/L without apparent effect on the lag time (results not shown). Increasing the Cu2 concentration had a similar but inverse effect on the maximal rate of diene production. The maximal rate was increased from an initial 6.78 Mmol -min' -g1 of LDL with 0.5 mol/L to a plateau of -20 imol -min1 . g of LDL with Cu2 concentrations >3 j.moWL. The Cu2 concentration had no effect on initial diene concentration and maximal amount of dienes formed (results not shown). Therefore, we consider 5 mol/L Cu2 to be optimal to oxidize LDL at 0.05 g/L independently of copper concentration. observed for maximal diene-production rate or for any other oxidizability index. Because of this marked effect of sequential isolation on lag time, we now routinely use the faster SRU method to isolate LDL for oxidizability determination.
Reproducibility. The reproducibility of the oxidizability determination was verified with LDL isolated from a pool of plasma. On 10 days over a 5-week period, LDL was isolated from the pool plasma and the oxidizability was determined. Table 2 shows the mean (± SD) values of the oxidizability indexes. Within-and between-run CVs were, respectively, 2.6% and 4.9% for diene(0), 3.8% and 6.5% for lag time, 5.8% and 8.2% for maximal rate, 2.2% and 5.0% for diene(max), and 3.5% and 5.4% for t(max). Vitamin E. We studied the relation between vitamin E content of LDL and the lag phase. Because vitamin E is considered to be the most important endogenous antioxidant with respect to LDL, its concentration may be expected to be directly proportional to the duration of the lag phase. However, no correlation (r = 0.068) was found between vitamin E content and lag-phase duration in 24 different LDL preparations ( Figure 6 ).
Discussion
LDLs are notoriously unstable during and after isolation (30) (31) (32) In some studies positive correlations were found after supplementation in vivo or in vitro (6,33). We found no correlation of the vitamin E content with lag time. On the surface, these results appear to be contradictory. If LDL is loaded with vitamin E in vitro or if the a-tocopherol content of LDL is increased by taking oral vitamin E, the oxidation resistance is increased and thus the lag time is increased. However, studies by Esterbauer et al. (33, 36) showed that these increasing effects of vitamin E are subject-specific, with a strong interindividual variation.
Furthermore, oxidation resistance is partly dependent on other antioxidants present in LDL, such as y-tocopherol, /3-carotene, lycopene, retinylstearate, and phytofluene.
These considerations might explain the absence of a correlation between vitamin E content of an individual LDL sample and its lag time.
Other information that can be derived from the LDLoxidizability curve concerns the amount of dienes formed. The amount of dienes present at the$art of the oxidizability measurement might indicate the actual peroxidation of LDL that has occurred in the circulation. Possibly, differences reflect differences in sustained oxidative stress associated with inflammation, intoxication, and other forms of in vivo sustained oxidative stress. This needs further research.
The maximal and total (maximal minus initial) amounts of dienes produced during oxidation of a particular LDL sample depend on the content of peroxida- In conclusion, we describe an LDL-isolation procedure that shortens isolation time to -1 day, thereby better conserving the endogenous LDL antioxidants.
Furthermore, we improved the continuous measurement of diene production so that more information can be deduced from the absorbance curve at 234 mm. The procedure described here is an easy and reproducible method for assessing differences in LDL oxidizability among patients and healthy subjects. It provides a sensitive tool for evaluating effects of various intervention studies with newly developed drugs, most notably those possessing antioxidant activity.
